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1
METERING DEMAND FUEL SYSTEM

The application 1s a Continuation-In-Part which claims the
benelit of U.S. patent application Ser. No. 10/942,206 filed
Sep. 16, 2004 now U.S. Pat. No. 7,216,487,

BACKGROUND OF THE INVENTION

This mnvention relates to a fuel system for delivering fuel to
gas turbine engines.

Prior art fuel systems include a large positive displacement
pump driven by a turbine engine through a gearbox. To
achieve the desired fuel volumes and pressures for the
demands of the turbine engine, the positive displacement
pump 1s specifically oversized for peak demand. As a result,
the fuel system utilizes a bypass valve to return the unneeded
tuel back to tank, which 1s greatly inefficient. Moreover, the
returned fuel 1s hot, which undesirably raises the temperature
of the fuel within the fuel tank. Excess pressure that 1s gen-
crated must be relieved using a pressure regulator to mitigate
any potential burst or over pressure conditions.

Prior art fuel systems employ precision metering valves to
regulate the flow rate through the fuel system to meet the
turbine engine fuel demand. The metering valves have tight
tolerances and any contamination present within the fuel
system comprises the operation of the valves.

Utilizing an electric motor instead of the turbine engine to
drive the positive displacement pump to meet a turbine engine
tuel demand 1s not practical. In one example, an 80 horse-
power motor weighing over 100 pounds would be necessary
to supply the needed fuel to the turbine engine, which 1s not
acceptable within the industry.

Another problem with prior art fuel systems 1s a phenom-
ena known as “coking.” A fuel manifold distributes fuel to
multiple nozzles associated with the turbine engine. During,
shutdown, residual fuel in the fuel manifold can drain into the
lower nozzles and burner system and form carbon build up or
coke. Coking results in reduced burner efficiency, nozzle flow
irregularities, combustion instability and excessive emissions
as un-combusted fuel 1s vaporized. To address this problem,
tuel storage canisters have been used that rely on complicated
timing valves and turbine burner pressure, which 1s consid-
ered unreliable.

What is needed 1s a fuel system that reduces coking while
climinating the need for expensive, high accuracy fuel meter-
ing valves and/or reduces excess pressure and flow within the
tuel system.

SUMMARY OF THE INVENTION

One possible embodiment of the present mvention pro-
vides a fuel system including first and second drive assem-
blies that are independently drivable relative to one another.
In one example, the first drive assembly 1s a turbine engine,
and the second drive assembly 1s an electric motor. The sec-
ond drive assembly has a speed that 1s selectively controlled
based upon a desired fuel tlow.

A non-positive displacement pump, such as a centrifugal
pump, 1s driven by the first drive assembly. The centrifugal
pump provides a desired fuel pressure for the fuel system. A
positive displacement pump 1s driven by the second drive
assembly. The positive displacement pump is 1n fluid com-
munication with the centrifugal pump, for example 1n a series
arrangement. The positive displacement pump meters a
desired volume 1n response to the speed of the second drive
assembly.
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The positive displacement pump may be arranged before or
after the centrifugal pump, and more than one centrifugal
pump may be used.

In operation, a desired fuel tlow 1s requested based upon the
tuel flow demanded by the turbine engine. A controller com-
mands the first drive assembly to rotate the positive displace-
ment pump at a speed providing a fuel volume that suifi-
ciently satisfies that desired tuel flow. The centrifugal pump 1s
driven by the turbine engine independently of the positive
displacement pump. The centrifugal pump produces a desired
fuel pressure for the fuel volume.

Fuel flows from the pumps and passes through a bypass
valve, which acts as a minimum pressure shut-oil valve. Dur-
ing engine shut-down, the bypass valve 1s opened by a sole-
noid and the rotational direction of the electric motor 1s
reversed to evacuate fuel from the system with the positive
displacement pump and return the fuel to the fuel tank.

Accordingly, the present invention provides a fuel system
with reduced coking that eliminates the need for expensive,
high accuracy fuel metering valves and/or reduces access
pressure and flow within the fuel system.

These and other features of the present invention can be
best understood from the following specification and draw-
ings, the following of which 1s a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of an example fuel system
having centrifugal and positive displacement pumps with the
inventive ecology feature.

DETAILED DESCRIPTION OF THE PR.
EMBODIMENT

(L]
By

ERRED

A schematic of one example of an inventive fuel system 10
1s shown 1n FIG. 1. The fuel system 10 includes a turbine
engine 12 that receives fuel from a fuel tank 16. A gearbox 14
1s used to drive various components of the fuel system 10 and
may be mounted on the turbine engine 12 such that gearbox
14 recerves rotational iput from the turbine engine 12

through shatt 15.

The fuel system 10 only illustrates portions of an example
fuel system for clarity. The components depicted should 1n no
way be interpreted as limiting the inventive pump arrange-
ment. The example fuel system 10 shown may be suitable for
small engine applications such as those used for business jets.
Large engine and other small engine applications may have
different or additional components.

The gearbox 14 drives a boost pump inducer 18 through a
shaft 43. The boost pump inducer 18 draws fuel from the fuel
tank 16 and delivers the fuel to a fuel filter 20 and heat
exchanger 22, which removes heat from the fuel. The filtered,
cooled fuel 1s provided to a first non-positive displacement
pump.

The first non-positive displacement pump, such as a cen-
trifugal pump 24, i1s driven by a shait 25. Fuel from the
centrifugal pump 24 is provided to a positive displacement
pump 26 through a first passage 58 to an ecology bypass valve
52, which acts as a minimum pressure shut-oil valve, which
pressurizes the fuel within the fuel tank 16. Before reaching
the positive displacement pump 24, the fuel passes through
second passages 60a and 605 to a shut-oil valve 34 controlled
by solenoids. A shut-oil solenoid 36a 1s operable to stop the
flow of fuel to the turbine engine 12 during shut down proce-
dures mnitiated by the pilot, for example. Another shut-off
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solenoid 366 stops the flow of fuel to the engine turbine 12
during over speed conditions, for example. The valves 36a
and 3656 are known 1n the art.

From the shut-off valve 34, fuel flows through third pas-
sage 62 to the positive displacement pump 26. Any fuel not
pumped by the positive displacement pump 26 returns to the
tank 16 through a motive tlow valve 28.

The positive displacement pump 26 1s driven by an electric
motor 30 in a first direction to provide fuel to the turbine
engine 12. The electric motor 30 i1s independently operable
relative to the gearbox 14 and turbine engine 12. In one
example, the electric motor 30 1s three horsepower and
weilghs approximately fifteen pounds. The positive displace-
ment pump 26 provides a constant volume of liquid for a
given speed regardless of the pressure to which the positive
displacement pump 26 1s exposed. The positive displacement
pump 26 meters the amount of fuel delivered to the turbine
engine 12 and provides a desired fuel volume. The volume of
tuel through the positive displacement pump 26 1s varied by
varying the speed of the electric motor 30 eliminating the
need for fuel metering valve.

Metered fuel from the positive displacement pump 26
flows through a fourth passage 64 to a resistance temperature
detector (RTD) 56 that 1s used to compensate for the changes
of density 1n the fuel due to temperature tluctuations. The fuel
1s provided to the bypass valve 52 from the RTD 56 through
a 1ifth passage 66. Fuel 1s sent to a second non-positive dis-
placement pump 32 through a sixth passage 68 and returned
again to the bypass valve 52 through a seventh passage 70.

A second non-positive displacement pump, such as a cen-
trifugal pump 32, 1s driven by a shatt 33. The centrifugal
pumps 24 and 32 provide the pressure needed to deliver fuel
through the turbine engine 12 in a desired manner. In one
example, the pressure of the fuel at the inlet to the centrifugal
pump 32 1s between 60-110 psi1. The centrifugal pump 32
raises the pressure of the fuel to approximately 1100-1200 psi
at the outlet of the centrifugal pump 32.

The fuel 1s delivered to the turbine engine 12 from the
bypass valve 52 through an eighth passage 72 to a tlow divider
38 that sends the fuel through primary and secondary nozzles
40a and 405, as 1s well known 1n the art. At engine shut down,
it 1s desirable to remove the fuel in the area of the nozzles to
prevent coking.

The bypass valve 52 moves from a closed position to an
open position once the fuel pressure reaches a predetermined
pressure. In the open position, the pumps 24, 26 and 32 and
flow divider 38 are flmdly connected to one another. The
bypass valve 52 automatically closes once the pressure falls
below the predetermined pressure to stop the tlow of fuel to
nozzles. However, this 1s not enough to prevent coking since
tuel still remains in the turbine engine 12.

When a shut down sequence 1s itiated, the fuel pressure
drops and the bypass valve 52 moves from the open position
to the closed position. A controller 44 commands an actuator,
such as solenoid 54, to open the bypass valve 52. The con-
nections between the controller 44 and the various compo-
nents are not shown for clarity. The controller may be one or
more devices. The controller 44 commands the electric motor
30 to reverse rotation to a second rotational direction to
reverse the positive displacement pump 26. The positive dis-
placement pump 26 quickly evacuates the fuel from the
nozzles, tlow divider 38, pumps 24, and passages 58, 60q and
605, 62, 64, 66, 68, 70 and 72. The fuel 1s returned to the tank
16 through an open shut ofl valve 34, which may be subse-
quently closed.

An alternator 45 1s driven by the gearbox 14 through shaft
17 along with the boost pump inducer 18 and centrifugal
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pumps 24 and 32 through a shait 43. The inventive arrange-
ment of centrifugal pumps 24 and 32 enables the centritugal
pumps 24 and 32 and alternator 45 to be driven at the same
rotational speed. In the prior art, a separate gear pad was
provided on the gearbox 14 to drive the positive displacement
pump at a different speed than the alternator. The alternator 45
generates power 42 that may be used to drive the electric
motor 30. A switching device or relay 48 selectively provides
the power from the alternator 45 to the electric motor 30 in
response to a speed command 46 from the controller 44 to
vary the speed of the electric motor 30 based upon a desired
volume of fuel. The tuel speed of the electric motor 30 can be
controlled much more accurately than control of the prior art
fuel metering valves.

The positive displacement pump 1s sized to provide a sui-
ficient volume of fuel for a turbine engine start-up condition.
That 1s, the tlow rate curve of the positive displacement pump
26 1s selected to match the needed volume of fuel for the
turbine engine 12 during start-up. The centrifugal pump 32 1s
selected so that the head curve of the centrifugal pump 32
matches the backpressure curve of the turbine engine. In this
manner, excess pressure will not be generated by the centrifu-
gal pump 32 eliminating the need for a high pressure relief
valve and minimizing any potential 1ssues related to burst or
over pressure conditions.

FIG. 1 schematically depicts the positive displacement
pump arranged 1n series between the centrifugal pumps 24
and 32. Other suitable pump arrangements may be used. In
one example, one centrifugal pump can be eliminated such
that the positive displacement pump 26 1s fluidly connected
downstream of the centrifugal pump 24 in series. In another
example, the centrifugal pump 24 can be arranged down-
stream of the positive displacement pump 26.

Although a preferred embodiment of this mmvention has
been disclosed, a worker of ordinary skill in this art would
recognize that certain modifications would come within the
scope of this invention. For that reason, the following claims
should be studied to determine the true scope and content of
this invention.

What 1s claimed 1s:
1. A fuel system comprising:

first and second drive assemblies independently drivable
relative to one another, the second drive assembly hav-
ing a speed selectively controlled based upon a desired

fuel flow;
a first non-positive displacement pump;

a second non-positive displacement pump driven by the
first drive assembly, the second non-positive displace-
ment pump configured to recerve fuel from the first
non-positive displacement pump and provide a desired
fuel pressure; and

a positive displacement pump driven by the second drive
assembly 1n first and second rotational directions, the
positive displacement pump in fluild communication
with the first non-positive displacement pump, the posi-
tive displacement pump metering a desired volume 1n
response to the speed 1n a first direction and evacuating
fuel 1in the second direction.

2. The fuel system according to claim 1, wherein the first
and second non-positive displacement pumps are each a cen-
trifugal pump.

3. The fuel system according to claim 2, wherein the first
drive assembly includes a turbine engine, and the second
drive assembly 1ncludes an electric motor.
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4. The fuel system according to claim 3, comprising an
alternator driven by the turbine engine at a second speed, the
centrifugal pumps driven by the turbine engine at the second
speed with the alternator.

5. The fuel system according to claim 3, comprising a
controller, wherein the pumps provide fuel to the turbine
engine, and the controller determines a fuel demand for the
turbine engine and provides a speed command to the electric
motor corresponding to the desired fuel flow for satisfying the
tuel demand.

6. The tuel system according to claim 1, wherein the first
non-positive displacement pump and the positive displace-
ment pump are tluidly connected in series with one another
along a first fluid path, and the first and second non-positive
displacement pumps are fluidly connected 1n series with one
another along a second fluid path, the first and second fluid
paths 1ntersecting at a bypass valve.

7. The fuel system according to claim 6, comprising:

a Tuel delivery device;

the bypass valve 1s fluidly arranged between the second
non-positive and positive displacement pumps and fuel
delivery device for selectively controlling the flow of
fuel through the bypass valve, the bypass valve having
open and closed positions, the bypass valve moving
from the closed position to the open position 1n response
to a predetermined fuel pressure and returming to the
closed position at a low fuel pressure less than the pre-
determined fuel pressure; and

an actuator moving the bypass valve from the closed posi-
tion to the open position with the positive displacement
pump operating in a second direction to evacuate tuel
from the fuel delivery device.

8. The fuel system according to claim 7, wherein the pumps
and fuel device fluidly connected to one another via the
bypass valve in the open position.

9. The fuel system according to claim 7, wherein the con-
troller commands the electric motor to rotate 1n the second
direction and the actuator to move the bypass valve from the
closed position to the open position 1n response to an engine
shut-down signal.
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10. The fuel system according to claim 7, wherein the
actuator 1s a solenoid.

11. A method of regulating the flow of fuel through a fuel
system comprising the steps of:

a) providing fuel to an engine through an open bypass

valve;

b) mitiating an engine shut-down command;

¢) closing the bypass valve upon reaching a predetermined

tuel pressure;

d) actuating the bypass valve to an open position;

¢) reversing a rotational direction of a pump to evacuate

fuel through the bypass valve, wherein steps d) and €) are
performed 1n response to performing step b).

12. The method according to claim 11, wherein step a)
includes driving the pump with an electric motor during an
engine start-up.

13. The method according to claim 11, wherein step a)
includes pumping fuel through the bypass valve with a first
pump and delivering the fuel to a second pump, the second
pump pumping fuel through the bypass valve to a third pump,
the third pump pumping fuel through the bypass valve to a
tuel delivery device.

14. The method according to claim 13, wherein the first and
third pumps are centrifugal pumps, and the second pump 1s a
positive displacement pump.

15. The method according to claim 13, wherein the fuel
delivery device 1s a flow divider valve.

16. The method according to claim 11, wherein step a) 1s
performed through a first fluid path, and step e) 1s performed
through a second tluid path that 1s separate from the first fluid
path.

17. The fuel system according to claim 6, a fuel tank fluidly
connected to the first non-positive displacement pump via the
first fluid path, and fluidly connected to the positive displace-
ment pump via a return flow path, the second flmid path and
return tlow path intersecting at a shut-off valve, the shut-oif
valve 1n an open position with the positive displacement
pump in the second direction and 1n a closed position with the
positive displacement pump in the first direction.
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